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a b s t r a c t

This work focuses on the modeling and optimization of a structure based on InGaP/InGaAs/
InGaAsN/Ge for photovoltaic. In this study we took into consideration the concentration
effect of alloys x (In) and y (N) on the strain, the bandgap, the absorption and structure
efficiency. It has been shown that the concentration of indium varies the strain and the
bandgap. These two parameters change considerably the yield. Also it optimized the effect
of alloys on the total absorption of the structure. For a concentration of indium x ¼ 0.40
and y ¼ 0.03 we had a absorption coefficient which is equal to 2 � 106 cm�1. We have
found 50% efficiency for the multi-junction structure based on In0.55Ga0.45P/In0.40Ga0.60As/
In0.30Ga0.70As0.97N0.03/Ge. To achieve a reliable high efficiency multi-junction structure, we
just need to optimize the concentrations of different alloys.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The gallium nitride and its ternary and quaternary alloys in the system Ga (B, In,Al) N have become in recent years the
headlights semiconductors in optoelectronics field. Indeed, these materials suffer from lack of agreement mesh substrates for
epitaxial growth. They have also a high defect density difficult to achieve p-type doping particularly, the gallium nitride and
indium takes a considerable place in photovoltaic field since a decade [1]. These alloys have a bandgap that covers the visible
spectrum. They are candidates for the realization of multi-junction solar cells with very high efficiency.

The solar cell technology based on triple junction structure GaInP/GaInAs/Ge is performed at 30% conversion efficiency
under lighting AM0 [2].

Metamorphic solar junction cells have been studied for terrestrial solar applications and in space. The modeling of
components indicates that performance improvements are possible with the splitting of the spectrum still optimized by the
use of the disagreement of mesh of semi-conductors IIIeV.

However, the terrestrial spectrum conversion efficiency equal to around 40% was considered at the high solar concen-
tration using the triple junction cell [3].

The simple solar cell can absorb a finite interval of wavelength in solar spectrum and thus produce less efficiently.
In contrary, the solar cells multi-junctions absorb the maximum of the solar spectrum. Each junction absorbs a portion of

the solar spectrum [4].
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Multi-junction photovoltaic systems of high-efficiency are formed of IIIeV semiconductor alloys with a high optical
sensitivity. The perfect combination of the band gap energy increases the absorption coefficient of photons. It creates more
electronehole pairs and thus increases the efficiency of the solar cell [4].

Researchers have introduced a new multi-junction photovoltaic cell constituted by GaP/InGaAs/InGaSb structures [4].
Then they compared with simple multi-junction solar cells which already in existence. Several researchers have made the
design of solar cells with agreement and disagreement meshes. They tried to reach a theoretical yield of 60% and even more
[5,6].

On the other hand, the multi-junction solar cells have evolved to extract energy from a larger energy band of the solar
spectrum [7,8].

The multi-junction solar cells can be grouped into two types depends on spectrum splitting up techniques and also the
orientation of the intermediate junctions. The two types are, known as vertical multi-junction (VMJ) and as lateral multi-
junction (LMJ) [9,10].

Generally, VMJ solar cells are more expensive compared to single junction cells because of costly manufacturing steps due
to different materials layers [9].

However, the strain and the faults of interface significantly affect the manufacturing efficiency and performance of VMJ
solar cells [11].

For IIIeV multi-junctions of high quality the recombination is widely radiative. This effect may have a significant effect on
the short-circuit voltage (VOC), and photocurrent densities (JCS) of junctions [12e14].

Therefore, there is a significant work in the literature on experimental extraction and modeling luminescent coupling
parameters derived from (JCS) [12e14].

Also our modeling purpose is to study different multi-junctions structures of cells based on semi-conductors with sig-
nificant importance to exceed conversion efficiency of 50%.It is shown that the use of several layers of different materials
mounted in vertical increase the performance and reliability of the solar cell.

2. Theoretical model

IIIeV semi-conductors are known for having a very important optical transition and procedures for manufacturing and
growth are currently sufficiently well normalized. The properties of the quaternary alloys ABCD are found by the interpolation
of the properties of binary Alloys AB or properties of ternary alloys ABC. The properties of the ternary alloys A1exBxC are given
by the following relationship:

PABCðxÞ ¼ x:EBC þ ð1� xÞPAC þ x:ð1� xÞCABC (1)

CABC is the parameter of Bowing and P represents the parameter of materials. For the calculation of the mesh parameter of
the alloys, CABC is zero [15].

From the formulas of empirical interpolation for the ternary alloys A1exBxC, the properties of the quaternary alloys
AxB1exCy D1ey are interpreted by:

Pðx; yÞ ¼ x:ð1� xÞ½y:TABCðxÞ þ ð1� yÞ:TABDðxÞ� þ yð1� yÞ½x:TACDðyÞ þ ð1� xÞ:TBCDðyÞ�
x:ð1� xÞ þ yð1� yÞ (2)

The approach of eq (2) tends to give better agreement with experiment than an alternative treatment of Moon et al. [16]
which is known to overestimate the quaternary bowing [17,18] Krijn [19] gives polynomial expansions of Q(x,y) derived from
eq (2) for the energy gaps and spineorbit splitting of several IIIeV quaternaries.

The quaternary may then be represented as a combination of two lattice-matched constituents, one of which must be a
ternary while the other may be either a binary or a ternary.

The semiconductor materials in the hetero-structures do not necessarily have the same mesh parameters a.

� These internal deformations have important consequences for the electronic and optoelectronic properties, and can be
exploited to achieve high performance structures.

� Some semiconductors are not necessarily in agreement to mesh with the available substrates. A solution is to make them
grow without agreement of mesh. In this case, the dislocations will be formed and possibly the high layer may be used as
'pseudo-substrate'. This procedure of growth, allows in principle to have an improved flexibility in the technology of
semiconductors [20].

To perform the growth of a semiconductor (1) for parameter of mesh a1 on a semiconductor (2) with a mesh parameter a2.
The strain between the two materials is defined as:
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